Information about the social costs of road crashes is important for evidence-based policy making. It provides insight in the consequences of road crashes for the economy and social welfare, and it is used in cost-benefit analyses in order to estimate the social return of investments in road safety and to prioritize (road safety) measures. This paper provides an international overview of the most recent estimates of the social costs of road crashes: total costs, value per casualty and breakdown in cost components. It answers the question to what extent the total social costs of road crashes differ between countries and what the explanations for these differences are. The analysis is based on national reports about costs of road crashes of 16 countries, of which nine high income countries (HICs) and seven low and middle income countries (LMICs).
INTRODUCTION
Information about the social costs of road crashes is important for evidence-based policy making. It provides insight into the consequences of road crashes for the economy and social welfare. Information about the costs is useful for comparing costs of road crashes with costs in other policy areas, which is an input for priority setting across policy areas. Information about costs of road crashes is also needed in cost-benefit analyses (CBA) that are used to estimate the social return of investments in road safety and to help prioritizing (road safety) measures. In CBA the costs per casualty or crash are used to estimate the benefits of road safety improvements.
International comparison of the costs of road crashes is useful to gain insight in differences in the economic burden of road crashes across countries, and is used as an input for estimating global road crash costs. Based on international comparisons, the social costs of road crashes have previously been estimated at about 1% of Gross Domestic Product (GDP) in low income countries to about 2%-3% in high income countries (Jacobs et al, 2000; Elvik, 2000) . However, these estimates are based on costs studies in the 90s or earlier, and probably underestimate the costs of road crashes (WHO, 2004) . Other international comparisons (e.g. Elvik 1995; Trawén et al, 2002; Hakkert & Wesemann, 2005) are aimed at comparing the costs per fatality and/or serious injury, which is useful for CBAs but does not provide insight into the full social costs of road crashes. Also comparing the methods used to estimate these costs is very useful, since previous studies show that methodological differences are an important explanation for differences in cost estimates.
This paper provides an international overview of the most recent estimates of the social costs of road crashes in 16 countries. In section 2 the method used for this international comparison and the selection of countries is briefly explained. Section 3 provides an overview of the costs components that are taken into account in cost studies in these countries, and discusses the methods used to estimate these costs. In section 4 the results of costs studies are compared, in particular the total costs of road crashes and the share in GDP, values per casualty, distribution of the total costs among crash severity and the breakdown in cost components. Section 5 contains a discussion of the main results and section 6 gives conclusions and recommendations.
METHOD AND SELECTION OF COUNTRIES
The international comparison of the costs of road crashes in this paper is based on the most recent national reports or papers about these costs. Only countries for which a sufficiently detailed report or paper is available about the costs and the methods used to estimate them, written in English, German or Dutch, are included. This resulted in a selection of 16 countries, of which eight Asian countries, six European countries, Australia and the US. The costs of road crashes in the Asian countries, most of which are low or middle income countries, have been studied in the context of a larger study by the Asian Development Bank (ADB, 2005a). For each Asian country the costs of road crashes have been studied and published separately, enabling us to include these countries in this overview. Among the selected countries are nine high income countries, five middle income countries and two low income countries. Table 1 shows the countries that are included, the year for which the costs of road crashes have been estimated, and the reference(s) for each country.
Previous studies (Jacobs, 2000) found that the costs of road crashes as a share of GDP depend on the economic performance of a country. Therefore, in this analysis the costs of road crashes in high income countries (HICs) will be compared to those in low and middle income countries (LMICs). Table 1 shows to which income category each country belongs, as classified by the World Bank on the basis on gross national income per capita. 
COST COMPONENTS AND METHODS
In international guidelines, e.g. the European guideline COST 313 (Alfaro et al., 1994) , five components of the costs of road crashes are distinguished (see also SWOV, 2011):
• medical costs: costs resulting from the treatment of casualties, e.g. costs of hospital stay, rehabilitation, medicines and adaptations for the handicapped; • production loss: loss of production and income resulting from the temporary or permanent disability of the injured, and the complete loss of production of fatalities; • human costs: immaterial costs through suffering, pain, sorrow and loss of quality of life; • property damage: damage to vehicles, freights, roads and fixed roadside objects; • administrative costs: in this category costs of police, fire brigade, law courts and administrative costs of insurers are taken into account. All countries in this overview include these five cost components in their estimate of the costs of road crashes, and these costs have a share of at least 93% in total costs (see below). The LMICs do not take into account other cost components, while most HICs additionally include costs of congestion resulting from road crashes. Some HICs also include costs of unavailability of damaged vehicles.
Besides these costs, avoidance costs may be a relevant cost component (Van Wee, Hagenzieker & Wijnen, forthcoming) . These are the costs that occur when people adapt their travel behaviour because of perceived low safety levels, like changing travel mode, route, destinations or their choice whether or not to travel at all. Examples are older persons that may prefer to stay at home because they think travelling is too risky, or parents that choose to bring their children to school by car instead of by bicycle. Studies into the avoidance costs related to congestion have been done in the Netherlands, and these costs appear to have a significant share (30 to 40%) in total congestion costs (KiM, 2012) . No such studies have been done in the field of road safety however.
In the remainder of this section we discuss the methods used the estimate the main costs components: human costs, property damage and production loss.
Human costs
According to international guidelines (e.g. Alfaro et al, 1994) and state of the art economic theory (e.g. Boardman et al., 2006) , human costs should be estimated by using a 'willingness to pay' (WTP) method. This means that the amount of money that people are prepared to pay for a reduction in crash risk is estimated by using a 'stated preference' (SP) method or 'revealed preference' (RP) method. RP methods value risk reductions on the basis of actual behaviour, for example purchasing behavior regarding safety provisions, while SP methods use questionnaires in which people, directly or indirectly, are asked how much they are willing to pay for safety provisions (SWOV, 2012) . From the WTP for risk reductions the 'value of a statistical life' (VOSL) is derived. The VOSL comprises the valuation of human costs as well as a value of consumption loss. Thus, subtracting consumption loss from the VOSL results in the value of human costs (see e.g. Evans, 2001) . Table 2 gives an overview of the VOSL and/or human costs per fatality (dependent on which values are documented) for each country, the year for which the VOSL has been estimated, and the method. In most (six) HICs included in this overview human costs are based on WTP. Three of them use a country-specific VOSL, and the other three countries use a standard European VOSL that has been determined in studies like HEATCO (Bickel et al, 2006) and UNITE (Nellthorp et al., 2001) . Australia and Germany estimate the human costs on the basis of compensation payments as determined in law courts or statutory values. Singapore and all LMICs use a rule of thumb as proposed in a guideline for cost studies in developing countries, meaning that human costs are estimated as fixed percentages of the total costs per fatality, serious injury and slight injury respectively (BRS&TRL, 2003) . These percentages are more or less arbitrary values from the 1980s, and they are originally based on the difference between output and consumption in the UK. This amount was added to net production losses in order to prevent elderly having a negative 'value' (TRL, 1995) . Table 2 shows that the values per fatality based on WTP are much higher than those based on compensation payments. Also the rule of thumb that Asian countries use leads to relatively low values, in absolute terms as well as as a percentage of the total costs of a fatality: in HICs that use a WTP value human costs have a share of 45% to 77% in the costs of a fatality, whereas this percentage is 18% to 28% in LMIC.
Almost all countries also estimate the human costs of (all) injuries. In the Netherlands and the Philippines only human costs of serious injuries are included, in all other countries the costs of both serious and slight injuries are estimated. Country-specific values for injuries are only available in the UK and the US. In the UK a WTP study has been carried out for serious and slight injuries. In the US the values of injuries are based on 'quality adjusted life years' (QALYs). For five injury categories, based on the Maximum Abbreviated Injury Scale (MAIS), the number of QALYs has been estimated and the human losses are calculated using 16th Road Safety on Four Continents Conference Beijing, China 15-17 May 2013 a value per QALY. Australia and Germany use compensation payments as an indicator for the human costs of injuries, and in the Asian countries the rule of thumb mentioned above is applied. The other countries use the ratio between the human costs of a (serious or slight) injury and the VOSL that is found in other countries or recommended in European studies. These ratios are based on studies into the human costs of road injuries in the UK (Hopkin & O'Reilly, 1993; O'Reilly et al., 1995) and Sweden (Persson, 2004) . 
Production loss
To estimate production loss the 'human capital' method is used in all countries in this overview. In this approach the (loss of) productive capacity of a human being is valued, based on figures of productivity or income per capita, and estimates of the period of time casualties are unable to work. In the literature the human capital approach has been considered as an approach to value human life, as an alternative for the WTP approach. However, the human capital approach is used to estimate (loss of) production, while the WTP approach is used to estimate (loss of) quality of life. Therefore, the human capital approach and the WTP approach should be considered as complementary (Wijnen et al., 2009) . Both approaches include a component of consumption loss however, which means that a correction is needed to avoid double counting. In most countries consumption loss is deducted from the VOSL, resulting in human losses. Consumption loss is then included in production loss (known as 'gross production loss'). Exceptions are Belgium and Switzerland that include consumption loss in the human costs. These two countries calculate the net production loss (gross production loss minus consumption loss). Four countries (Australia, Germany, UK and US) take into account unpaid production loss like household work, in addition to the loss of market production. To calculate this production loss surveys of time spending are used, in combination with indicators for the costs of time (like wage or costs of hiring personnel). Loss of unpaid production can have a significant share in total production loss: in the US for example about 25% of all production loss concerns unpaid work.
Finally, four countries (Australia, Germany, Switzerland and US) separately estimate 'friction costs': the costs of recruitment and training new employees. In Switzerland and the US these cost are about 5% of production loss, and in Australia and Germany less than 1%.
Property damage
The majority of property damage concerns damage to vehicles. In most countries this damage is based on insurance data. One of the major problems regarding this cost component is the fact that not all damage is claimed, because of no-claim premiums for example, and that not all damage is covered by insurances. However, all countries in this overview have included an estimate of damage that is not claimed and/or not covered by insurances. In most countries this is done by deriving the average property damage per crash (in most cases for different crash severities) from insurance data, and estimating the number of crashes on the basis of police registrations, insurance data, and assumptions. A problem with this approach is that the estimate of the number of crashes, particularly property damage only crashes, is uncertain due to incomplete registration. In other countries the property damage estimates are based on the payments by insurance companies, and a separate estimate of the non-claimed damage using insurance data, crash registrations and/or assumptions. These estimates of non-claimed damage range from 22% (Austria) to about 50% (Netherlands) of total property damage. The UK is the only country where a study into the non-claimed damage has been carried out using questionnaires (Taylor, 1990) . This study showed that in about half of the cases a claim is submitted at an insurance company, and that in those cases the average damage per case is about three times higher than in cases without a claim.
Nine countries, among which three LMICs, take into account other property damage besides vehicle damage, mainly damage to infrastructure. In most cases damage registrations by road authorities are used to estimate this property damage. This other property damage is estimated at 1% of total property damage in Australia, about 10% in Austria, Germany and Myanmar, up to 20% in Loa PDR (for other countries this percentage is not documented). Table 3 shows the costs of road crashes for each country. The costs (expressed in the local currency) and the share in GDP are mainly taken from the reports per country (see Table 3 ).
*
In case the share in GDP is not stated in the country report, the share in GDP has been calculated using GDP figures published by the World Bank (2012). The costs are converted into US$ price level 2010, using GDP deflators (World Bank, 2012) and Purchasing Power Parities (World Bank, 2012; OECD, 2012) .
In HICs the share of the costs of road crashes in GDP ranges from 0.5 to 4.6%, with an (unweighted) average of 2.6%. The estimates of the two countries with the lowest share (Singapore and the UK) do not include a correction for underreporting of road crashes however, leading to a significant underestimation. In the UK for example, the costs of all crashes may be twice as high if such a correction would have been applied (DfT, 2011) . If we exclude these two countries, the two HICs that do not use a WTP method to estimate the human costs, Australia and Germany, have the lowest share in GDP of the remaining countries. As human costs have a great share in the total costs (see below), the method used to estimate these costs has a considerable influence on the total costs. If those countries that do not correct for underreporting and those that do not use a WTP method (as recommended by international guidelines) are excluded, the average share of the cost of road crashes ranges from 2.2% to 4.6 % of GDP with an average of 3.7%. The average share of the costs of road crashes in GDP in LMICs, that all do correct for underreporting, ranges from 1.8% to 3.0% with an average of 2.2%. The share of the costs in GDP is thus considerably lower than in HICs, especially HICs that use a WTP method. Differences between countries regarding the share of the costs in GDP can be explained by differences in the number of crashes and casualties as well as by differences in the costs per crash or casualty (and methods used to estimate these costs). Tabel 4 shows the costs per casualty (fatalities, serious injuries and slight injuries) or crash (property damage only, PDO). The costs per casualty include crash costs like property damage and administrative costs.
* It shows that the costs per fatality in HICs are much higher than the costs in LMICs. This is mainly explained by differences in the valuation of human costs, since human costs have a major share in the costs per fatality. However, also within the HIC group there major differences due to differences in methodology. In Australia, Germany and Singapore the costs per fatality are relatively low, which is explained by the fact that these countries do not apply a WTP method.
The costs per serious and slight injury are more difficult to compare because of differences in the definitions of a serious and slight injury. However, table 4 shows that the costs per serious and slight injury in LMICs are, not surprisingly, much lower than in HICs. Within the HIC group the costs per serious and slight injury in Australia, Germany and Singapore are again relatively low because of the method used to estimate human costs of injuries. The costs per slight injury in the Netherlands are relatively low because human costs are not taken into account for these injuries. The higher costs per casualty are an explanation for the higher share of the costs of road crashes in GDP in HICs. However, also the number of casualties determines the share of the costs in GDP. This explains why the share of the costs in GDP in some HICs (like the Netherlands and Switzerland) is lower, or not much higher, than in some LMICs. A better road safety performance in HICs leads to relatively low costs (as a percentage of GDP), despite higher costs per casualty. Figure 1 shows the distribution of the total costs among fatalities, serious injuries, slight injuries and property damage only crashes. In Singapore and UK only the costs of registered casualties are calculated, leading to an upward bias in the share of more severe casualties. For that reason these two countries are excluded here. For Belgium and Vietnam this distribution is not known.
Costs per severity category
The figures show that both in HICs and LMICs the majority of the costs, on average about 50%, is related to injuries, of which about two thirds to serious injuries. Fatalities account for about 20% (HICs) to 30% (LMICs) of the costs, and about a quarter to a fifth of the costs result from property damage only crashes. The main difference between HICs and LMICs is that the share of fatalities in the total costs is higher in LMICs. This is probably explained by the relatively high number of fatalities in LMICs as compared to the number of injuries. Figure 2 shows the shares of the five main cost components in the total costs of road crashes for each country and the averages for HICs and LMICs. In the HICs human costs have a major share in the total costs: the (unweighed) average share is 38%. In countries that do not apply a WTP method (Australia, Germany and Singapore) this share is much lower, because WTP methods result in much higher values per casualty (see above). If these three countries are excluded, human costs have a share of about 50% in total costs. In LMICs the share of human costs is much lower (average 18%) which is explained by the lower value of human losses per casualty.
Distribution among cost components
In LMICs property damage has the largest share in the total costs (on average 39%). It should be noted that the number of PDO crashes is uncertain because of (very) incomplete registration. In most countries assumptions have been used to estimate the number of PDO crashes. Two explanations for this relatively high share of PDO crashes are observed however. Firstly, human losses are valued relatively low in LMICs, which obviously leads to larger shares of the remaining components. Secondly, in LMICs the costs per PDO crash are relatively high as compared to costs that are injury related: the ratio of the costs of a PDO crash and the costs of a slight injury is two times higher in LMICs than in HICs, and the ratio of the costs of a PDO crash and the costs of a serious injury is even eight times higher in LIMCs (see also Table 5 ). Note that the share of PDO crashes in the total costs (Figure 1 ) is much lower than the share of total property damage. This is because fatal and injury crashes also result in property damage. Property damage has in particular a major share in the costs of slight injury crashes.
Beside human costs and property damage, production loss is an important cost component, having an average share in total costs of 21% in HICs and 23% in LMICs. Medical costs are relatively low, particularly in HICs, as well as administrative costs. 
DISCUSSION
Regarding the methodology used to estimate road crash costs several differences between countries have been observed in our analysis. Although all countries in this overview take into account the cost components that have been recommended in international guidelines, some high income countries incorporate additional cost components and also within the main cost components there are differences. Additional costs components that are taken into account by most HICs are costs of congestion and costs of vehicle unavailability. The share of these additional costs in total costs is at most 7%. Regarding production loss some countries take into account unpaid production loss (e.g. household work) and/or friction costs (costs of recruiting and training new personnel). Unpaid production may have a significant impact on the estimates of production loss, particularly in LMICs where a larger share of (e.g. agricultural) production is used for own consumption. Concerning property damage, a number of countries takes into account damage to infrastructure in addition to vehicle damage. The share of infrastructure damage in total property ranges from 1% to 20%. Finally, there are some countries that do not take into account human costs of slight injuries.
Also differences between countries are observed regarding the methods used to estimate separate cost components, particularly regarding human costs. The cost figures for the countries included in this paper show that human costs have a large share in the total costs. However, this share depends to large extent on the method that is used to estimate these costs. In countries that use a WTP method, which is recommended by international guidelines, this share is about 50% or more, while in other countries it is about 5% to 35%. There are just a few countries that use a country-specific estimate of the value of a statistical life, and these values tend to be outdated. Moreover, there are very few studies into the human costs of injuries. Since a major part of the human costs relates to injuries (75% in HICs and 65% in LMICs, unweighed averages), particularly more research into the value of saving injuries is recommended. The LMICs in this overview do not apply WTP estimates, and therefore human (and total) costs are underestimated. Therefore, more research into human costs is recommendable particularly in LMICs. Difficulties may arise however because WTP studies in LMICs are complex for methodological (are poor people able to answer questions about small risks and their willingness to pay to reduce these risks?) and practical reasons (expensive studies). Using values from other countries may be a fruitful approach to cope with this, and thus the question how to 'transfer' values between (high and low) income countries is a relevant topic for future research.
Besides the issue of the methodology used to estimate human costs, problems are particularly faced regarding estimating property damage. Insurance data cover just a part of all property damage, because not all damage results in submitting a claim at an insurance company. Moreover, it is difficult to deduct the average damage per crash from insurance data, since smaller damage amounts are more likely not to be claimed. Also registration of property damage only crashes is poor, which makes it difficult to estimate these costs. Due to these difficulties the estimates of property damage are uncertain, as recognized in most cost studies. However, the current estimates indicate that property damage is a major costs component (24% of total costs in HICs and 39% in LMICs), and therefore research into these costs is recommended. Better information about these costs can be obtained by using questionnaires among road users about their involvement in crashes, the damage resulting from these crashes, and payments by insurance companies
In the literature standardized valuations, related to GDP or GDP per capita, have been used or proposed to estimate the costs of road crashes. Firstly, in calculations of the global costs of road crashes (Jacobs, 2000; WHO, 2004 ) the costs of road crashes have been estimated at a 1% (LMICs) to 2% (HICs). These percentages are rough estimates, and the figures for the countries discussed in this paper show that these percentages probably (hugely) underestimate the costs of road crashes. However, as the number of countries in this overview is limited, a study on a larger scale is recommended to obtain figures that are more representative on the global level. Secondly, the value of a fatality has been estimated at about 70 to 120 times GDP per capita on the basis of regression analysis (McMahon & Dahdah, 2008; Miller, 2000) . These ratios may be used as a rule of a thumb to estimate the costs per fatality and total costs of fatalities. As shown in this paper, the share of fatalities in total costs is limited however, and therefore estimating the costs of (all) injuries as well as property damage only crashes is needed to gain insight into the full social costs of road crashes. Furthermore, it is questionable whether road crash can be estimated on the basis of GDP (per capita) alone. Road safety performance, and so the costs of road crashes, depend on many factors like motorization rate, road safety investments, speed limits and culture, and these factors may not or only to a limited extent be related to GDP.
CONCLUSIONS AND RECOMMENDATIONS
In this overview the total costs of road crashes are found to be 2.6% of GDP in the HICs and 2.2% of GDP in the LMICs (unweighed averages). In (high income) countries that use a willingness to pay method to estimate human costs, as recommended in international guidelines, total road crash costs have a share of 3.7% in GDP. This is much higher than the percentages that have been used in previous studies to estimate global road crash costs. A major part of the costs of road crashes is related to injuries: an average of about 55% in HICs and 50% in LMICs. The share of fatalities in the costs is 'only' 20% in HICs whereas in LMICs 30% of the costs is related to fatalities. This may indicate that the efforts in HICs to prevent fatalities have been effective, resulting in a lower economic burden of fatalities. The challenge for most HICs now is to bring down the (economic) burden of road injuries, particularly serious injuries, as well. A number of methodological differences between countries have been observed. This concerns firstly the cost components that are taken into account. Although a cost classification as recommended by international guidelines is applied by all countries, there are differences regarding loss of unpaid production, property damage other than vehicle damage (particularly damage to infrastructure), human costs of slight injuries, congestion costs and costs of vehicle unavailability. Secondly, there are differences regarding the methods used to estimate specific cost components, especially with respect to human costs. In order to be able to make sound comparisons of the costs of road crashes across countries (further) harmonization of cost studies is recommended, e.g. by updating and improving international guidelines and applying them in future cost studies. A cost component that is missing in cost studies as well as in international guidelines are avoidance costs: cost of adapting travel behaviour because of (perceived) low safety levels. No studies have been done yet regarding these safety costs, but there are examples of studies into the avoidance costs related to congestion. It is recommended to study the (potential) avoidance costs and develop methods to estimate these costs. Finally, the information regarding some cost components is poor and more research into these cost components is recommended. This particularly regards human costs of fatalities in low and middle income countries, human costs of injuries (in all countries), and property damage.
